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(54) A Joint 

(57) A joint for a drillstring pipe or driveshaft comprises a tube (1 1) of a fibre reinforced composite plastic material with a 
frusto-conical end portion (13) which is mechanically interlocked to an annular end-fitting (15) with frusto-conical surfaces 
(20, 21 ) which mate with the inner and outer surfaces of the frusto-conical end portion of the tube. The joint is assembled 
whilst the composite tube is in the green state and on assembly the frusto-conical surfaces (20, 21 ) may be adhesively 
bonded to the frusto-conical surfaces of the frusto-conical end portion (1 3). <i a 
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A Joint 

This invention relates to a joint and more especially 
to a joint between a shaft of a fibre reinforced composite 
5 material and an end-fitting assembly which may be of a 

different material, for example of metal; and to a method 
of manufacture of such a joint. 

According to the present invention there is provided a 
10 joint which comprises a shaft of a fibre reinforced 

plastic material with a frusto-conical tubular end-portion, 
with cone half-angle of less than 45° with respect to the 
joint axis, axially interlocked with an end-fitting 
assembly which comprises an inner member with an outward 
15 facing f rusto-conical surface and an annular one-piece 

outer member with an inward facing f rusto-conical surface, 
the said f rusto-conical surfaces of the inner and the outer 
members mating with inner and outer f rusto-conical surfaces 
of the f rusto-conical end portion of the shaft, and the 
20 inner and the outer members being secured to each other. 

The present invention also provides a method of 
manufacture of a joint, the method comprising inserting an 
inner member defining an outward facing f rusto-conical 

25 surface into an end of a shaft of a fibre reinforced 
plastic material in its green state, such that a 
frusto-conical tubular end portion is formed in the shaft 
pushing an annular outer member defining an inward facing 
frusto-conical surface along the outside of the shaft 

30 toward the frusto-conical end portion until its 

frusto-conical surface mates with the external surface of 
the frusto-conical end portion, securing the annular outer 
member to the inner member to form an end-fitting assembly, 
and treating the end-fitting assembly to convert the 

35 composite shaft from its green state to its cured state. 



It is preferred that the frus to-conical end portion is 
imperforate. However if the cross-sectional thickness of 
the composite tube walls is large additional bolting 
through the frus to-conical end portion may be necessary. 

It is preferred that the f rusto-conical surfaces of 
the end portion and frusto-conical surfaces of the inner 
and annular outer members of the joint are adhesively 
bonded. It is also preferred that the adhesive used for 
bonding is cured when the composite shaft is cured. When 
used the adhesive may be applied to either the 
frusto-conical surfaces of the inner and annular outer 
members or to the end of the composite tube which forms the 
frusto-conical end portion prior to the assembly of the 
composite joint, or preferably to both. The adhesive may 
spill out of the joint or assembly to form a fillet which 
may improve the strength of the joint. The adhesive may be 
any suitable adhesive, for example an epoxy adhesive or a 
phenolic nitrile adhesive. It is preferred that the 
adhesive is chemically similar to or compatable with the 
plastic material of the composite tube. 

Alternatively the adhesive may be a layer region of 
the frusto-conical end-portion of the composite tube which 
has reduced fibre reinforcement or no fibre reinforcement 
at the surfaces to be bonded; the excess plastic which is 
not reinforced or with reduced reinforcement acts as an 
integral adhesive, that is to say an adhesive layer which 
is integral with the composite tube. Alternatively 
additional plastic material may be added to the composite 
tube, in a region of the composite tube which forms a 
frusto-conical end-portion, during manufacture of the 
composite tube: this would leave excess plastic at the tube 
surface in the region of the frusto-conical end-portion to 
act as an integral adhesive. 



- 3 - 



The f rusto-conical surfaces of the inner and the outer 
members may be of circular cross-section , that is to say 
as derived from a cone of circular base. They might 
alternatively include one or more plane inclined surfaces, 
5 or indeed might be of triangular or polygonal cross-section 
as derived from a pyramid of triangular or polygonal base. 
They might also or alternatively define grooves or ridges. 

The composite shaft may be of any desired 
10 cross-sectional shape, such as circular, triangular or 
polygonal, and may if desired be tubular. V7hen the 
composite shaft is tubular the internal bore of the shaft 
may have the same or different cross-section to that of the 
shaft itself. 

15 

The end-portion may have a wall thickness which 
increases in thickness towards the end of the composite 
tube. The f rusto-conical inner and outer surfaces of the 
frusto-conical end portion may have different cone half- 

20 angles with respect to the composite tube axis; thus they 
would no longer be substantially parallel and would 
therefore define a wedge shaped frusto-conical end-portion. 
The wedge shaped end-portion adds the additional feature of 
wedge inter-locking of the composite tube with the 

25 end-fitting. 

The composite shaft may be made of any suitable fibre 
or filament reinforced plastic material for example fibre 
reinforced epoxy resins, and may be manufactured by any 

30 suitable means. For example when the shaft is not tubular 
it may be manufactured by pultrusion. When the shaft is 
tubular it may be made by such techniques as pultrusion, 
tube rolling, tape wrapping or filament winding. When the 
composite shaft is tubular and is manufactured by a 

35 filament winding process, it is preferred that the winding 
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angle is less than 45° with respect to the tube axis. 

The inner member and annular outer member of the end 
fitting assembly may be made of any suitable material and 
5 may be made of different materials to each other. The 

inner member may be secured to the annular outer member by 
mechanical means such as bolts, or dowels , continuous or 
spot welding f or a screw thread or any combination of 
these. The frusto-conical surfaces of the inner member and 
10 annular outer member may be of the same or different 
shape. 

The outer member may also define an outward facing 
frusto-conical surface , coaxial with the inward facing 

15 frusto-conical surface, and these two surfaces may be of 

the same cone half-angle. However if the half-angle of the 
outward facing surface is greater than that of the inward 
facing surface, so the intervening portion of the outer 
member tapers, the resulting joint may be stronger than 

20 joints made with outer members which have both 
frusto-conical surfaces substantially parallel. 

The joint is assembled with the composite shaft in the 
green state. By green state it is meant that the 

25 fibre-reinforced plastic material may be malleable, 

deformable, pliable, or compliant and that* these properties 
can be removed or altered by further treatment. When the 
composite shaft comprises a fibre reinforced thermosetting 
plastic the further treatment may be any suitable curing 

30 process. When the plastic is a thermoplastic such as 
polyetheretherketone (PEEK), the green state may be at 
elevated temperatures and further treatment may comprise 
cooling of the thermoplastic. 

35 m general the area of the bonded surfaces of a joint 

may be related to the strength of the joint; the larger the 
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bond area for a given bond length the greater the strength 
of the joint. As the cone half-angle of the 
frusto-conical bonded surface is increased then the area of 
the bonded surfaces will also increase and thus the 
5 strength of the joint will increase. The strength of the 
joint may be further improved by increasing the bond 
length. ' By altering the angles of the frusto-conical 
surfaces and the length of the adhesively bonded surfaces 
various joints can be prepared to a range of desired 

10 strengths. When filament wound composite shafts are used 
in the manufacture of a joint it is preferable that the 
length and the cone half-angles of the bonded 
frusto-conical surfaces are such that the reinforcing 
filaments or fibres of the composite shaft are not 

15 significantly distorted or damaged during assembly of the 
joint. Preferably the cone half-angles of the 
frusto-conical end-portion and frusto-conical surfaces to 
be adhesively bonded are less than 45° and more preferably 
less than 2 5°. It is possible to accommodate long, bond 

20 lengths whilst maintaining the minimum of distortion of the 
reinforcing filaments or fibres of the composite tube by 
the use of additional features such as regions of the 
composite tube which are cylindrical and co-axial or 
substantially co-axial with the axis of the tube, adjacent 

25 to the frusto-conical end-portion and located within the 
end-fitting. 

Once assembled and cured the joint is strong and 
durable. When adhesive bonding is used the combination of 
30 mechanical interlocking, which is produced between the 
frusto-conical end-portion and the end-fitting assembly, 
and adhesive bonding of the frusto-conical end-portion to 
the end-fitting assembly produces a stronger more durable 
joint. 



35 



The joint is suitable for applications where a joint 
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is required to be strong and durable under torsional and/or 
axial loads , for example in the nanuf acture of composite 
drillstrings for use in oil exploration , when both the 
composite shaft and the end-fitting assembly would be 
5 tubular. The joint may also be suitable for the production 
of well casings as used in oil exploration. 

The joint may be used in such applications as 
driveshafts, bracing members or any application where a 
10 fibre reinforced composite rod requires joining to rods or 
devices of material other than fibre reinforced composite 
and in such cases the shaft and the inner member may be 
non- tubular. 

15 it is a feature of the method of manufacture of the 

joint r that the annular outer member does not require 
splitting. If splitting were required this would 
necessitate additional fixtures for securing the split 
outer member with a consequential increase in the weight of 

20 the joint. It is also a cheaper method than previously 

suggested processes, as it reduces the precision with which 
mating components need to be produced to obtain a good 
quality adhesive bond, and eliminates the need to machine 
the composite shaft. 

25 

The invention will now be described by way of example 
only, with reference to the accompanying drawings in 
which: 

Figure 1 shows a longitudinal section of a joint 
30 comprising a tubular composite shaft and a tubular 

end-fitting assembly; 

Figure 2 shows a longitudinal section of the 
components of the joint of Figure 1 before assembly of 
35 the joint; 
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Figure 3 shows a longitudinal view, part in elevation 
and part in section, of a composite drillstring joint 
comprising a tubular composite shaft and a tubular 
end-fitting assembly and; 

5 

Figure 4 shows a longitudinal section of a joint 
comprising a tubular composite shaft and a non-tubular 
end-fitting assembly. 

10 Referring to Figure 1 there is shown a joint 10 which 

comprises a tubular shaft 11 of fibre-reinforced plastic 
material with a f rusto-conical end-portion 13 , and a 
tubular end-fitting assembly 14 which comprises an annular 
inner member 15 and an annular one-piece outer member 16 

15 secured to each other by bolts 17 (only two are shown) and 
weld 19- There is an adhesive fillet 12 between the shaft 
11 and the open end of the member 1$. The f rusto-conical 
end-portion 13 is in contact with, and supported and 
retained within the end-fitting assembly 14 by, 

20 f rusto-conical surfaces 20 and 21 of the annular inner 

member 15 and annular outer member 16 respectively. The 
surface 22 of the bore of the annular inner member 15 is of 
the same diameter as the bore 23 of the tubular composite 
shaft 11. 

25 

Referring to Figure 2 there are shown the components 
of the joint 10 before assembly and curing. The components 
are assembled in the following manner to make the composite 
joint of Figure 1. A composite tube 30 in its green state 

30 with bore 23 of substantially uniform diameter and 

cross-section throughout its length is passed through the 
bore 32 of the annular outer member 16 such that the end 3 5 
of the composite tube 30 extends beyond the end of the 
annular outer member 16. The f rusto-conical region 34 of 

35 the annular inner member 15 is then inserted into the bore 
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30 at end 33 of the composite tube 30 .with force in 
direction A, so deforming the composite tube 30 to form the 
frusto-conical end-portion 13 (shown in Figure 1). The 
inner member 15 is inserted until the end 33 of the 
5 composite tube abuts a surface 35 of the inner member 15. 
The annular outer member 16 is then forced back along the 
composite tube 30 in direction B until an end face 36 of 
the annular outer member 16 contacts a surface 37 of the 
annular inner member 15; at this point the frusto-conical 

10 surface 21 of the annular outer member 16 is in intimate 
contact with the outer surface of the frusto-conical 
end-portion 13 (shown in Figure 1). The annular outer 
member 16 is secured to the annular inner member 15 by 
means of the bolts 17 inserted through the apertures 18, 

15 and by the weld 19. The secured end-fitting assembly is 
then treated to cure the composite tube 30. 

Referring to Figure 3 there is shown a composite 
drillstring joint 40 which comprises, a fibre-reinforced 

20 plastic tubular shaft 41 with internal diameter 137mm and a 
wall thickness of 9.2mm with a frusto-conical end-portion 
42 of axial length 200mm and adjacent cylindrical co-axial 
end-portion 43 of axial length 100mm, and a tubular 
end-fitting assembly 44 which comprises an annular inner 

25 member 45 and an annular one-piece outer member 46 secured 
to each other by bolts 47 (only four are shown). The 
frusto-conical end-portion 42 is in mating contact with, 
and is supported and retained within the end-fitting 
assembly 44 by, frusto-conical surfaces 47 and 48 of the 

30 annular inner member 45 and the annular outer member 46 

respectively. The annular inner member 45 and the annular 
outer member 46 have cylindrical co-axial surfaces 49 and 
50 respectively which are in mating contact with the flat 
end-portion 43 of the fibre-reinforced plastic tubular 

35 shaft 41. All of the mating surfaces are adhesively 

bonded. The outer surface 51 of the annular outer member 
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46 is also of f rusto-conical form. The cone half-angles a, 
b and c, with respect to the axis of the joint, of the 
frusto-conical surfaces are such that angle b and c are 
equal and such that the tapering portions 52 and 53 of the 
5 outer annular member 46 and of the annular inner member 45 
respectively are of the same wedge angle (i.e. a-b=c), and 
also are of the same axial length. 

It will be appreciated that the tapering portions of 
10 the outer annular member and of the annular inner member 

may have differing dimensions depending on the application 
and materials used. 

Referring to Figure 4 there is shown a joint 60 which 
15 comprises a tubular shaft 61 of fibre-reinforced plastic 
material with a f rusto-conical end-portion 6 2 and a 
non-tubular end-fitting assembly 63 which comprises an 
inner member 64 with outward facing f rusto-conical surface 
6 5 and an annular one-piece outer member 66 with inward 
20 facing f rusto-conical surface 67 secured to each other via 
bolts 68 (only two are shown). The f rusto-conical 
end-portion 6 2 is in contact with and supported and 
retained within the end-fitting assembly 63 by 
f rusto-conical surface 6 5 and 67 of the inner member 64 and 
25 annular outer member 6 6 respectively. Both f rusto-conical 
surfaces 6 5 and 67 are adhesively bonded to the 
f rusto-conical end-portion 62. 
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1. a joint which comprises a shaft of a fibre 
reinforced plastic material with a frusto-conical tubular 
end-portion, with cone half-angle of less than 45° with 
respect to the joint axis, axially interlocked with an 
end-fitting assembly which comprises an inner member with 
an outward facing frusto-conical surface and an annular 
one-piece outer member with an inward facing frusto- 
conical surface, the said frusto-conical surfaces of the 
inner and the outer members mating with inner and outer 
frusto-conical surfaces of the frusto-conical end portion 
of the shaft, and the inner and outer members being 
secured to each other. 

2. A joint as claimed in claim 1 wherein all the mating 
frusto-conical surfaces are adhesively bonded. 

3. A joint as claimed in claim 2 wherein all the mating 
surfaces am adhesively bonded. 

4. A joint as claimed in claim 2 or claim 3 wherein the 
adhesive forms a fillet. 

5. A joint as claimed in any one of claims 2 to 4 
wherein the adhesive is an epoxy or a phenolic nitrile 
adhesive. 

6. A joint as claimed in claim 1 wherein the frusto- 
conical tubular end-portion also comprises an integral 
adhesive. 

7. A joint as claimed in any one of the preceding 
claims wherein the wall of the frusto-conical tubular end 
portion is wedge-shaped in section. 
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8. A joint as claimed in any one of the preceding 
claims wherein the fibre reinforced plastic material is a 
filament wound plastic material. 

5 9. A joint as claimed in any one of the preceding 

claims wherein the fibre reinforced plastic material is a 
fibre reinforced epoxy resin. 

10. A joint as claimed in any one of the preceding 
10 claims wherein the outer member also defines an outward 
facing f rusto-conical surface having a cone half -angle 
which is equal to or greater than that of the inward 
facing f rusto-conical surface of the outer member. 

15 11. A joint as claimed in any one of the preceding 

claims wherein the cone half-angles of the f rusto-conical 
surfaces are less than 45°. 

12. A joint as claimed in claim 11 wherein the cone 
20 half -angles are less than 25°. 

13. A method of manufacture of a joint comprising 
inserting an inner member defining an outward facing 

f rusto-conical surface into an end of a shaft of a fibre 
25 reinforced plastic material in its green state, such that 
a f rusto-conical tubular end portion is formed in the 
shaft, pushing an annular outer member defining an inward 
facing frusto-conical surface along the outside of the 
shaft towards the frusto-conical end portion until its 
30 frusto-conical surface mates with the external surface of 
the frusto-conical end portion, securing the annular 
outer member to the inner member to form an end-fitting 
assembly, and treating the end-fitting assembly to 
convert the composite shaft from its green state to its 
35 cured state. 



14. A method as claimed in claim 13 including the step 
of applying adhesive to the frusto-conical surfaces of 
the inner and outer members. 

15. A method as claimed in claim 13 or claim 14 
including the step of applying adhesive to that part of 
the end of the shaft which forms the frusto-conical 
tubular end portion. 

16. A method as claimed in claim 13 wherein the fibre 
reinforced plastic material also comprises an integral 
adhesive . 

17. A method as claimed in any one of claims 14 to 16 
wherein the adhesive is caused to spill out of the joint 
or assembly to form a fillet. 

18. A joint substantially as hereinbefore described with 
reference to, and as shown in, Figure 1, Figure 3, or 
Figure 4. 

19. A method of manufacture of a joint substantially as 
hereinbefore described with reference to, and as shown 
in, Figures 1 and 2, or Figure 3, or Figure 4. 
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